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P iezo-ceramic devices are used commonly indentistry for ultrasonic scaling, piezosurgeryand endosonics. The word “piezoelectric” is
derived from the Greek word “piezein”, which
means to squeeze or press. In a piezoelectric
crystal, the positive and negative electrical charges
are separated across the crystal, but are symmetri-
cally distributed, so that the crystal overall is
electrically neutral. When a mechanical stress is
applied, this symmetry is disturbed, and the
resulting charge asymmetry generates a voltage
across the crystal, the piezoelectric effect. Piezo-
electric materials also show the opposite effect,
known as the converse piezoelectric effect, in that
application of an electrical field across the crystal
causes a reversible mechanical deformation in it.
Until recently, applications of piezoelectric
effects in dentistry were, strictly speaking, the con-
verse piezoelectric effect, in that movement was
created in an instrument tip through stress and strain
in a crystal when an electric field was applied. The
direct piezoelectric effect, i.e., the production of an
electrical current when mechanical stress is applied
across a crystal lattice, has not yet been exploited
greatly in dentistry, although piezoelectric devices
are used widely in industry (and on the rear bumper
bars of large vehicles) as transducers for the detec-
tion of sound and ultrasound. The complete
reversibility of electro-elasto-mechanical deforma-
tions in piezoelectric crystals means that one crystal
can act as both an actuator (producing vibration),
and a sensor (responding to vibration) - which is
why the term “transducer” is used for a device
which acts in a dual capacity.
Taking the transducer concept a little further, 
the tip of an ultrasonic dental device could be used
as a subtle and sensitive “surface microphone”.
The principle of operation of this piezoelectric
device operating in sensor mode would be that 
a reflected vibration or sound wave, for example
that produced by a slow regular “tapping” force,
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Figure 1. Plots of frequency from 25 to 95 kHz
on the horizontal axis, and intensity on the 
vertical axis, showing different patterns for 
calculus, dentine, cementum and enamel. 
A, Simplified profiles. B, Actual data points 
collated from thousands of tooth surfaces. 
From Dr T Kocher, Greifswald, Germany.
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could pass back through the tip, and 
distort the crystal, thus generating an
electrical potential. Depending on the
design of the scaler tip, different “modes”
could be used to load the piezoelectric
element, such as longitudinal, transversal
or shear, in much the same way as the 
tip, when powered, has a dominant 
vibratory pattern in a longitudinal, 
elliptical, figure of 8, or other pattern.
Different surfaces in contact with the 
tip will vary in density, elastic properties,
topography, and mineral structure, 
and thus give rise to different return 
oscillation patterns. The absolute dimen-
sions of the surface (and its roughness)
would not influence the local vibrational
and visco-elastic behaviour, rather it
would be the nature of the material con-
tacting the tip.
In the late 1990’s, Kocher and co-
workers at the University of Greifswald
in Germany began experimenting with
sensory applications of dental piezoelec-
tric scalers. When the tip of a
piezoceramic ultrasonic scaler was
placed on a tooth, they observed that
oscillations were induced in the area
immediately adjacent to the ultrasonic
tip. Each different type of material
brought into contact with the tip (enamel,
calculus, cementum, dentine) displayed a
unique and characteristic oscillatory
behavior, which was re-transmitted from
the scaler tip back to the crystal and could
be recorded by measuring variations in
current and voltage.1 When the electrical
data were processed with Fast Fourier
transformation, a total of 400 magnitude
values of the tip oscillation could be used
to establish vibrational patterns with fre-
quencies up to 100 kHz, and particularly
between 20 and 70 kHz. When the vibra-
tional data were analyzed by means of a
fuzzy pattern recognition algorithm (opti-
mized using an experienced clinician), a
combination of six features (frequencies)
gave classifications that were correct for
all surfaces examined under laboratory
conditions (Figure 1). These outstanding
in vitro results (albeit gained with the
instrument tip held still and not moved)
led the way for implementing the trans-
ducer concept into novel instruments with
both diagnostic and therapeutic applica-
tions in clinical periodontology. This, in
time, became the Sirona PerioScan™
system (Figure 2).
Maximizing performance
Piezo-ceramic ultrasonic scalers have, in
general, a linear oscillation pattern, unlike
sonic scalers which have an elliptical pat-
tern and “hammer” a tooth surface,
irrespective of its alignment. Because ultra-
sonic scaler tips oscillate parallel to the
tooth surface, the best action for the detec-
tion step would be to orient the tip parallel
to the root surface and then place it gently
against the surface. A wet tooth surface
would be required (considering propaga-
tion and attenuation dynamics of water)
and the force used to apply the instrument
to the surface could not be excessive other-
wise the transducer effect would be
dampened. A force of some 25-30 grams is
recommended for ultrasonic scalers, but
the reported forces used by clinicians range
in the literature from 25 to 70 grams. A
force of 30 grams will suffice for removing
calculus with an ultrasonic scaler if the
alignment is correct.2 The same light force
should be used for an instrument working
in detection mode (Figure 3).
A further technical issue is that of the
shape, mass and integrity of the tip.
During clinical usage, scaler tips become
worn, and the reduction in their length and
mass will influence the magnitude of
scaler tip vibrations, given the same appli-
cation force onto the tooth surface.3 Scaler
tips are known to show a reduction in dis-
placement amplitude with a reduction in
tip length. Thus, a proviso in using the
transducer principle is that the user (aided
by system software) must check that tip
wear is not excessive.
Using an ultrasonic scaler driven by
piezo-ceramics as both an oscillatory
excitation and a sensor system, the
response time of the system must also be
considered. While the crystal can oscillate
at high frequencies (typically as high as
28-32 kHz), and little time is required for
electronic processing (in the order of
micro to milliseconds), human response
time is rather slow - as long as one quarter
of a second. Thus, it is logical to have the
system work in a slow tapping action, e.g.
at a rate of 10 Hz or so, to allow an indi-
vidual impact to be made by tip, after
which the oscillation is detected and ana-
lyzed, and the result presented back to the
user as visible and/or audible feedback.
The Sirona PerioScan exploits the work
of Kocher’s group, with a unit which is a
high power general purpose ultrasonic
Figure 2. A, Sirona PerioScan unit. The cable to the left is for the foot control. Irrigant
tanks are at the rear of the unit. B, The working end of the handpiece, showing the tip
and the fiber optic bundles for illumination. C, Using a memory card for software
upgrades. D, Multi-purpose foot control.
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device (for scaling, endodontics, piezo-
surgery, cavity micro-preparation) but
which also has diagnostic capabilities for
subgingival calculus when in the “tapping
and listening” versus “power/debridement”
mode. In the listening mode, the system
generates vibrations at a frequency of 10
Hz in a square pulse configuration, with a
pulse duration of some 10-100 microsec-
onds. The surface oscillations are analysed,
and then presented back to the operator as a
colour change in the handpiece (the tip illu-
mination changes from green (indicating
normal root structure), to blue (indicating
calculus)), with an audible warning.
A number of trials of the PerioScan
have been conducted. In a recent study
conducted in the laboratory with 50
extracted teeth, subgingival calculus was
removed stepwise using a Gracey curette.
The detection properties of the surface
were continuously monitored and system-
atically verified, until the system stopped
discriminating calculus from the root sur-
face. By measuring the diameter,
circumference and area of the smallest,
yet recognizable deposit, and of the no
longer recognizable deposit, the cut-off
point and discriminative capability of the
device were determined. The cut-off point
for the correct classification of residual
deposits averaged a diameter of 219
microns, an area of 21,600 square
microns, and a circumference of 748
microns. The PerioScan had a sensitivity
of 73% and a specificity of 80%.4 Similar
results were obtained in other laboratory
validation studies.5,6 Importantly, these
and other trials7 showed that the system
was able to function correctly, indepen-
dent of the lateral forces applied and the
tip angle of the instrument.
These data for sensitivity and specificity
for the PerioScan far exceed those of con-
ventional periodontal probing. Large scale
studies using teeth extracted after instru-
mentation have reported an overall
accuracy of less than 50%,8 with a high
false negative responses (some 77.4% of
the surfaces with being clinically scored as
being free of calculus) and a low false pos-
itive response (with 11.8% of the surfaces
free of calculus being clinically deter-
mined to have calculus). This highlights
the difficulties in clinically determining
the thoroughness of subgingival instru-
mentation by conventional means, under
close debridement conditions.
In initial clinical validation studies of
the PerioScan, the reported sensitivity was
75% and the specificity 82%, with an
accuracy of some 80%.9 A very recent
(2008) study of periodontally compro-
mised teeth destined for extraction
demonstrated that calculus and cementum
were discriminated even better, with a
sensitivity of 91% and a specificity of
82%.10 Such incremental improvements in
performance occur as the “learning” data
set, upon which the fuzzy pattern recogni-
tion is based, increases over time.
The PerioScan is able to clinically dif-
ferentiate normal root surfaces from
subgingival calculus, thus establishing the
value of the transducer concept in
assisting clinical decisions regarding
whether continued subgingival scaling at
a particular site is still needed. Having a
clear endpoint prevents damage to the root
surface, reduces chairside time without
compromising efficiency, and thereby
improves patient care. Root surface loss
from over-treatment remains a concern,
for both experienced and inexperienced
clinical operators.10,11 One hopes that with
a better ability to diagnose calculus and
determine when it has been removed, the
Figure 3. Schematic showing various modes of operation. A, Tip in contact with
healthy root surface (green signal). B, Calculus detected (blue signal). C, Instrument
tip off the tooth surface, with white fiberoptic illumination. D, Debridement mode,
with water spray delivered to the tip.
Figure 4. Clinical case, showing (A)
detection of sound root surface (green),
and (B), detection of calculus (blue).
Images courtesy of Dr Gunther
Landskroner, Bensheim, Germany.
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need for access flap surgery in sites with
modest pocket depths may be less.
Against this considerable optimism,
one needs to bear in mind that the very
nature of calculus itself on the root surface
poses major problems for its removal.
Some recent and rather elegant ultra-
structural (transmission and scanning
electron microscope) studies of the cal-
culus-tooth interface12 have revealed that
fractures of calculus occur mostly within
calculus, rather than at the calculus-tooth
interface (which if it occurred, would give
“cleaner” removal). In fact, there is a
direct physical connection or fusion (epi-
taxial growth) of calculus crystals with the
apatite crystals in enamel and cementum.
The clinical difficulties in achieving com-
plete calculus removal from tooth surfaces
(especially from cementum or dentine)
may be due in part to this chemical
bonding between the calculus crystals and
normal tooth apatite crystals, as well as
occasional fusion (i.e., epitaxial growth)
of calculus calcium phosphate crystals
with the apatite crystals of dentine or
enamel. This strong cohesive bonding
results in fracture planes occurring within
the calculus, instead of at the calculus-
tooth interface.
Practical aspects 
of the transducer approach
Clinically, using the PerioScan system is
very straightforward, with only a slight
learning curve. In the “detect” (listen)
mode, the tip vibrates at 10 Hz with a
gentle tapping action, longitudinal to its
long axis (the node for vibration is located
at the distal one third of the tip, so the last
third of the instrument tip is the critical
area). The handpiece illumination remains
off until the subgingival root surface is
contacted, which is then detected and the
illumination switches to green (Figure 4).
Stroking the tip over the surface with a
light force (25-30 grams) and a walking
action, the coloured illumination switches
to blue when subgingival calculus is
detected. The instrument is then activated
using the foot control and used for
debridement, after which the treated area
is checked. The instrument tip does not
need to be changed.
The foot control makes it simple to
change from one mode to the other
without having to look up or use the
system control panel. The footswitch also
allows the power to be boosted by 20% on
command. Power is variable across a wide
range, and all common settings are avail-
able from the control panel - including a
patient education screen. Options exist for
selecting either of two irrigant reservoirs
or reticulated water, with the appropriate
translucent irrigant tank illuminated by
intense LEDs when selected. Activation
of dilute peroxide and ozone irrigant solu-
tions by ultrasonic action is simple to do,
and adds to the benefits gained. A worn,
damaged, loose or missing tip will trigger
an appropriate alert on the system. System
software is easily updated using a flash
memory card reader - a very practical
approach. Since having a prototype of the
system and then changing more recently
to the normal marketed version, further
improvements in the software and in the
user interface have occurred, and future
software upgrades are likely as the fuzzy
logic improves with time.
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